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METHOD AND STRUCTURE TO IMPROVE particular features , structures , or characteristics of embodi 
IMAGE SENSOR CROSSTALK ments may be combined in any suitable manner in one or 

more examples . 
BACKGROUND Spatially relative terms , such as “ beneath , ” “ below , ” 

5 “ lower , ” “ under , " " above , " " upper , " and the like , may be 
This disclosure relates generally to image sensors , in used herein for ease of description to describe one element 

particular to image sensors with split pixel structures . or feature's relationship to another element ( s ) or feature ( s ) 
Image sensors are ubiquitous . They are widely used in as illustrated in the figures . It will be understood that the 

digital still cameras , cellular phones , security cameras , as spatially relative terms are intended to encompass different 
well as , medical , automobile , and other applications . Image orientations of the device in use or operation in addition to 
sensors with split pixel structures have photodiodes of the orientation depicted in the figures . For example , if the 
different sizes , which advantageously enables improved device in the figures is turned over , elements described as 
imaging , e.g. , High Dynamic Range ( HDR ) sensing . " below ” or “ beneath ” or “ under ” other elements or features 

would then be oriented " above " the other elements or 
BRIEF DESCRIPTION OF THE SEVERAL features . Thus , the exemplary terms “ below ” and “ under " 

VIEWS OF THE DRAWINGS can encompass both an orientation of above and below . The 
device may be otherwise oriented ( rotated ninety degrees or 

Non - limiting and non - exhaustive embodiments of the at other orientations ) and the spatially relative descriptors 
present invention are described with reference to the fol- 20 used herein interpreted accordingly . In addition , it will also 
lowing figures , wherein like reference numerals refer to like be understood that when a layer is referred to as being 
parts throughout the various views unless otherwise speci “ between ” two layers , it can be the only layer between the 
fied . two layers , or one or more intervening layers may also be 
FIG . 1 illustrates a representative image sensor in accor- present . 

dance with the teachings of the present disclosure . This disclosure refers to a number of terms with respect 
FIG . 2 illustrates an example cross section view of a to different embodiments ( including apparatuses and meth 

representative image sensor in accordance with the teach- ods ) . Terms having alike names have alike meanings with 
ings of the present disclosure . respect to different embodiments , except where expressly 
FIG . 3 illustrates an example cross section view of noted . Similarly , this disclosure utilizes a number of terms of 

another representative image sensor in accordance with the 30 art . These terms are to take on their ordinary meaning in the 
teachings of the present disclosure . art from which they come , unless specifically defined herein 

FIG . 4 illustrates an example cross section view of or the context of their use would clearly suggest otherwise . 
another representative image sensor in accordance with the It should be noted that element names and symbols may be 
teachings of the present disclosure . used interchangeably through this document ( e.g. , Si vs. 

FIG . 5 illustrates an example cross section view of 35 silicon ) ; however , both have identical meaning . 
another representative image sensor in accordance with the In the present disclosure , the terms " semiconductor sub 
teachings of the present disclosure . strate ” or “ substrate ” refer to any type of substrate used for 

FIG . 6 is a diagram illustrating a representative imaging forming semiconductor devices thereon , including single 
system having a pixel array in accordance with the teachings crystal substrates , silicon , silicon - germanium , germanium , 
of the present disclosure . 40 gallium arsenide semiconductor on insulator ( SOI ) sub 
FIG . 7 - FIG . 13 illustrate a representative method of strates , and the combinations thereof . The term semicon 

manufacturing a representative image sensor in accordance ductor substrate may also refer to a substrate , formed of one 
with the teachings of the present disclosure . or more semiconductors , subjected to previous process steps 
FIG . 14 illustrates a representative flow diagram of a that form regions and / or junctions in the substrate . A semi 

method of manufacturing a representative image sensor in 45 conductor substrate may also include various features , such 
accordance with the teachings of the present disclosure . as doped and undoped semiconductors , epitaxial layers of 

silicon , and other semiconductor structures formed upon the 
DETAILED DESCRIPTION substrate . Further , although the various embodiments will be 

primarily described with respect to materials and processes 
The present disclosure provides image sensors , devices , 50 compatible with silicon - based semiconductor materials 

and methods for manufacturing image sensors . In the fol- ( e.g. , silicon and alloys of silicon with germanium and / or 
lowing description , numerous specific details are set forth to carbon ) , the present technology is not limited in this regard . 
provide a thorough understanding of the examples . One Rather , the various embodiments can be implemented using 
skilled in the relevant art will recognize , however , that the any types of semiconductor materials . 
techniques described herein can be practiced without one or 55 In some embodiments , image sensors include one or more 
more of the specific details , or with other methods , compo- color filters and microlenses to filter and focus incident light , 
nents , materials , etc. In other instances , well - known struc- respectively . There may be a buffer layer between a substrate 
tures , materials , or operations are not shown or described in including photodiodes and the color filters . The image 
detail to avoid obscuring certain aspects . sensor may include one or more large photodiodes for lower 

Reference throughout this specification to “ an embodi- 60 intensity light sensing , and one or more small photodiodes 
ment ” or “ some embodiments ” means that a particular for higher intensity light sensing , e.g. , to realize high 
feature , structure , or characteristic described in connection dynamic range ( HDR ) sensing . The large photodiodes may 
with the embodiment is included in at least one embodiment be arranged next to and / or surround the small photodiodes . 
of the present invention . Thus , the appearances of the In an embodiment having a large photodiode and a small 
phrases “ In some embodiments ” or “ in an embodiment ” in 65 photodiode , the large photodiode generally has a full well 
various places throughout this specification are not neces- capacity that is greater than a full well capacity of the small 
sarily all referring to the same example . Furthermore , the photodiode . 

a 
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In some instances , high angle light ( e.g. , caused by layer 212 over the pixel isolators 210 , and a plurality of 
internal reflections due to high intensity light or other second metal elements 218 is disposed at least partially over 
causes ) from adjacent large photodiodes may crosstalk over the second metal elements 218 , both reducing pixel cross 
to the small photodiode and be absorbed by the small talk , as described below . The representative image sensor 
photodiodes or even saturate the small photodiodes ( i.e. , 5 200 also includes an optional color filter layer 220 disposed 
optical crosstalk ) . This can cause deleterious effects on over first metal elements 216 and the second metal elements 
sensing ability of the image sensor for high intensity light , 218 , and an optional array of microlenses disposed over the 
e.g. , petal flare . SPDs 206 and LPDs 208 , including small microlenses 222 

Image sensors of the present disclosure have an architec- and large microlenses 224 . 
ture that improves performance of high intensity light sens- 10 Substrate material 204 is a semiconductor substrate , such 
ing in image sensors . A metal grid is provided between the as silicon substrate , a doped silicon substrate , such as n - type 
small photodiode and the large photodiode to reduce the doped silicon substrate or p - type doped substrate , a silicon 
amount of high angle light entering the small photodiodes on insulator substrate , or the like . Substrate material 204 has 
from the proximate large photodiodes , i.e. , reducing optical a back side 226 and an opposite front side 228. In FIG . 2 , 
crosstalk . This prevents high angle light crosstalk over from 15 image sensor 200 is configured to receive incident light 
neighboring large photodiodes from activating the small through the back side 226. Thus , the back side 226 may be 
photodiodes . These advantages are especially useful in split referred as an illuminated side of image sensor 200 , and the 
pixel structures such as large photodiode / small photodiode front side 228 may be referred to as a non - illuminated side 
( LPD / SPD ) image sensors but is also applicable to other of image sensor 200 . 
pixel structures . Numerous embodiments of representative 20 SPDs 206 and LPDs 208 convert incident light into 
image sensors are described below . Unless stated otherwise , electrical charge . As used herein , each LPD 208 has a larger 
one or more features of different embodiments may be full well capacity than each SPD 206. SPDs 206 and LPDs 
combined to form additional embodiments that are within 208 may be formed in the substrate material 204 , for 
the scope of this disclosure . example by ion implantation on the front side 228. In some 

FIG . 1 shows one example of a representative image 25 embodiments , SPDs 206 and LPDs 208 are n - type photo 
sensor 100 in accordance with the teachings of the present diodes formed in a p - type silicon substrate material 204. In 
disclosure . The image sensor 100 includes an array of large some embodiments , the polarity may be reversed ; for 
pixels ( e.g. , large pixel 102 ) and an array of small pixels example , SPDs 206 and LPDs 208 are p - type photodiodes 
( e.g. , small pixel 104 ) . The large pixels are laid out in a grid , formed in an n - type silicon substrate material 204. LPDs 208 
and the small pixels are disposed between and around the 30 each have a full well capacity that is greater than a full well 
large pixels . Further , image sensor 100 has an LPD / SPD capacity of each SPD 206 , i.e. , each LPD 208 stores more 
layout , including a plurality of large photodiodes ( LPDs ) photo - generated charges than each SPD 206. In some 
and a plurality of small photodiodes ( SPDs ) . Each LPD is embodi ents , each LPD 208 has a pixel size that is at least 
located in one of the large pixels ( e.g. , large pixel 102 ) , and twice the pixel size of each SPD 206. In some embodiments , 
each SPD is located in one of the small pixels . In the 35 each LPD 208 has a larger light exposure area than each SPD 
representative and non - limiting example of FIG . 1 , the small 206. In some embodiments , each SPD 206 is surrounded by 
pixels are square and oriented 45 degrees from the orienta- two or more LPDs 208. Each SPD 206 need not have the 
tion of the grid of large pixels , which are hexagonal . In some same full well capacity , pixel size , or light exposure area as 
embodiments , the small pixels and / or the large pixels have every other SPD 206. Likewise , each LPD 208 need not 
a different shape and / or size than shown in FIG . 1 . 40 have the same full well capacity , pixel size , or light exposure 

Both the small pixels and the large pixels are surrounded area as every other LPD 208. In some embodiments , a 
by a metal grid 106 , which is comprised of plurality of first quantum efficiency of each LPD 208 is between 0.4 to 0.9 
metal elements and a plurality of second metal elements , for incident light with a wavelength of 530 nm . In some 
which are described below in detail . The metal grid 106 embodiments , a quantum efficiency of each SPD 206 is less 
improves the isolation of the SPDs and the LPDs by reflect- 45 than 0.5 for incident light with a wavelength of 530 nm . 
ing or absorbing incident light having high angle light as In the representative image sensor 200 , LPDs 208 have 
well as enhancing light sensitivity of the LPDs . In FIG . 1 , greater light exposure area and higher sensitivity to incident 
the image sensor 100 has a 4x4 array of large pixels and a light , and may therefore be configured for lower light 
5x5 array of small pixels ; however , in other embodiments intensity sensing . On the other hands , SPDs 206 have less 
the image sensor 100 may have an array of any size . The 50 light exposure area and are less sensitive to high intensity 
concepts described herein apply to other pixel and photo- light compared to LPDs 208 , and therefore are configured 
diode layouts where separation of photodiodes is advanta- for higher light intensity sensing . Utilizing an array of SPDs 
geous , not just those having LPDs and SPDs . 206 and LPDs 208 in image sensor 200 advantageously 
FIG . 2 illustrates one example of a representative image enables high dynamic range ( HDR ) imaging sensing . 

sensor 200 according to the teachings of the present disclo- 55 Pixel isolators 210 are formed on the back side 226 of 
sure . The image sensor 200 is embodied in a device 202 , substrate material 204 and extend down ( relative to the 
e.g. , a camera , a smartphone camera , a vehicle camera , etc. illustration , the device may be oriented in any direction ) 
The image sensor 200 includes a substrate material 204 from the back side 226 into the substrate material 204. Each 
having a plurality of small photodiodes ( SPDs ) such as pixel isolator 210 is disposed between one of the SPDs 206 
SPDs 206 , and a plurality of large photodiodes ( LPDs ) such 60 and one of the LPDs 208 , e.g. , to prevent electrical and / or 
as LPDs 208. Image sensor 200 also includes a plurality of optical crosstalk between adjacent photodiodes . In one 
pixel isolators 210 formed in the substrate material 204 , each embodiment , each pixel isolator 210 is a deep trench isola 
pixel isolator 210 being disposed between one of the SPDs tion ( DTI ) structure filled with passivation material ( such as 
206 and one of the LPDs 208. A passivation layer 212 is high k oxide material ) , dielectric material ( such as silicon 
disposed on the substrate material 204 , and a buffer layer 65 oxide ) , reflective metal material , or a combination thereof . 
214 is disposed on the passivation layer 212. A plurality of In FIG . 2 , each pixel isolator 210 is filled with a portion of 
a first metal elements 216 is disposed above the passivation the passivation layer 212 and the buffer layer 214 , which are 
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described below . In some embodiments , each pixel isolator of the back side 226 may be reflected by the metal grid 
210 is a shallow trench isolation ( STI ) trench structure or structure formed of the first metal elements 216 and the 
another trench structure . second metal elements 218 into the individual large photo 

Passivation layer 212 is deposited on the back side 226 of diodes 208 for enhancing light sensitivity of large photo 
substrate material 204 and into the pixel isolators 210. 5 diodes 208 . 
Passivation layer 212 comprises a dielectric material , such Each of the first metal elements 216 is formed at least 
as an oxide or high - k material , e.g. , a material having a partially from a metal such as aluminum or tungsten , and is 
dielectric constant that is greater than about 3.9 ( e.g. , Al2O3 disposed at least partially in the buffer layer 214 at least 
or HfO2 ) . In some embodiments , passivation layer 212 has partially over ( i.e. , above ) one of the pixel isolators 210 . 
a thickness of about 0.005 um to about 0.10 um , e.g. , about 10 Restated , each of the first metal elements 216 is disposed at 
0.01 um to about 0.05 um . In some embodiments , passiva- least partially in the buffer layer 214 above and between an 
tion layer 212 contains negative fixed charges forming a hole adjacent SPD 206 and LPD 208. In FIG . 2 , each first metal 
accumulation layer surrounding pixel isolators 210 , which element 216 is disposed in the buffer layer 214 , e.g. , entirely 
passivate sidewalls and bottom of pixel isolators 210 and in the buffer layer 214. In some embodiments , one or more 
prevent defects / traps from forming on the boundary ( e.g. , 15 first metal elements 216 is partially disposed in the buffer 
silicon - silicon oxide interface ) during formation of pixel layer 214. For example , in some embodiments , one or more 
isolators 210. This prevents trapping electrons and / or holes first metal elements 216 protrude from buffer layer 214 , e.g. , 
generating dark current , which could affect the sensitivity of from an upper surface of the buffer layer 214. In FIG . 2 , each 
SPDs 206 or LPDs 208. The amount of negative fixed first metal element 216 is disposed directly over one of the 
charges contained in the passivation layer 212 or the hole 20 pixel isolators 210 ; however , in some embodiments ( de 
density of the hole accumulation layer formed depend on the scribed below ) , each first metal element 216 is shifted 
high - k material and the thickness of passivation layer 212 . laterally such that it is not disposed directly over the 
In some embodiments , passivation layer 212 is formed of corresponding pixel isolator 210. As shown in FIG . 2 , in 
material having refractive index between buffer layer 214 some embodiments , the first metal elements 216 do not 
( for example 1.4 for silicon oxide ) and substrate material 25 extend into the plurality of pixel isolators 210. In some 
204 ( for example , 3.9 for silicon substrate ) and a thickness embodiments , the first metal elements 216 and the second 
configured to function as anti - reflective coating to reduce the metal elements 218 may be shifted laterally to the left or 
amount of reflection of incident light and enhancing light right of the center line of respective pixel isolator 210 
absorption of SPDs 206 and LPDs 208 . depending on its location in the pixel array to accommodate 

In some embodiments , a thin oxide layer may be formed 30 a chief ray angle ( CRA ) of incident light for better optical 
between passivation layer 212 and the back side 226 surface , crosstalk performance . 
for example by deposition or thermal oxidation , and func- Each first metal element 216 has a thickness B and a width 
tion as stress - relieving layer between the passivation layer C. Thickness B can range from about 0.025 um to about 
212 and the silicon surface . 1.000 um , e.g. , about 0.05 um to about 0.50 um . In some 

Buffer layer 214 is disposed on the passivation layer 212 , 35 embodiments , thickness B corresponds to the thickness A of 
i.e. , on and above the back side 226 of the substrate material the buffer layer 214. In some embodiments , thickness B of 
204. In some embodiments , buffer layer 214 includes a the first metal element 216 is about 0.005 um to about 0.010 
dielectric material such as silicon dioxide , and provides um less than the thickness A of the buffer layer 214 , and the 
process margin for etching and chemical mechanical pol- upper surface of each first metal element 216 is flush with 
ishing processes in order to prevent damage to substrate 40 the upper surface of the buffer layer 214 , such that the buffer 
material 204 and passivation layer 212. For example , the layer 214 isolates each first metal element 216 from the 
buffer layer 214 helps secure the first metal elements 216 , passivation layer 212 ( i.e. , first metal elements 216 do not 
described below . In some embodiments , buffer layer 214 has touch passivation layer 212 ) . In some embodiments , an 
a thickness A of about 0.025 um to about 1.000 um , e.g. , upper surface of each first metal element 216 is flush with an 
about 0.05 um to about 0.50 um . In some embodiments , the 45 upper surface of buffer layer 214 ( for example , as a result of 
buffer layer 214 has a lower dielectric constant than the a processing step such as a chemical mechanical processing 
passivation layer 212 , i.e. , the passivation layer 212 has a step described below ) . Width C is about 0.05 um to about 
greater dielectric constant than the buffer layer 214 . 0.25 um , e.g. , about 0.09 um to about 0.20 um . In some 

The first metal elements 216 and second metal elements embodiments , width C is about the same as , or less than , a 
218 together form a metal grid ( e.g. , the metal grid 106 of 50 width of the corresponding pixel isolator 210 over which the 
FIG . 1 ) . The metal grid is provided between the SPDs 206 first metal element 216 is disposed . In some embodiments , 
and the LPDs 208 in a configuration that reduces the amount different first metal elements 216 have different thicknesses 
of high angle incident light entering ( and activating ) the B and / or widths C. 
SPDs 206 from the proximate LPDs 208. In some embodi- Advantageously , by including the first metal elements 216 
ments , buffer layer 214 is transparent to incident light , such 55 in the buffer layer 214 , as compared to a more distant 
as light with a high incident angle with respect to a surface location relative to the SPDs 206 ( e.g. , in the color filter 
normal the back side 226 surface that is directed to LPDs layer 220 , or more than about 0.05 um to about 0.50 um 
208. Such high incident angle light may penetrate buffer above the SPDs 206 ) , each first metal element 216 is better 
layer 214 and crosstalk over to SPDs 206 surrounded by the positioned to prevent incident light from activating the SPDs 
respective LPDs 208 , and the metal grid structure formed of 60 206. Restated , it is difficult for incident light to pass under 
the first metal elements 216 and second metal elements 218 neath the first metal elements 216 and activate the SPDs 206 , 
may effectively block such high incident angle light from which would otherwise saturate the SPDs 206 during inte 
crosstalk over to SPDs 206 and , at the same time , may also gration period of image sensor . 
improve light absorption of the respective LPDs 208. Thus , Second metal elements 218 further improve light - block 
the metal grid reduces optical crosstalk and its deleterious 65 ing capabilities of the metal grid . Similar to the first metal 
effects , e.g. , petal flare . In some embodiments , at least a elements 216 , second metal elements 218 are each formed at 
portion of incident light that is oblique to a surface normal least partially from a metal such as aluminum or tungsten , 
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and are disposed at least partially over ( i.e. , above ) one of Optional small microlenses 222 and large microlenses 
the pixel isolators 210 and at least partially over at least one 224 gather , direct , and focus incident light on the SPDs 206 
of the first metal elements 216. Restated , a lower surface of and LPDs 208 , respectively . Accordingly , each small micro 
each second metal element 218 interfaces at least partially lens 222 and each large microlens 224 is formed above and 
with an upper surface of a first metal element 216 at an 5 aligned with an SPD 206 and an LPD 208 , respectively . For 
interface 230. Advantageously , this prevents incident light example , small microlens 222 is formed above SPD 206 
from passing between a corresponding first metal element with each edge aligned to the center of the respective first 
216 and second metal element 218. Whereas the first metal metal element 216 and second metal element 218 on each 
elements 216 are disposed in the buffer layer 214 , the second side of SPD 206 such that it is configured to direct incident 
metal elements 218 are disposed on the first metal elements 10 light onto the light exposure area of the SPD 206. Similarly 
216. In FIG . 2 , the second metal elements 218 are also for each large microlens 224. In some embodiments , one or 

more small microlens 222 and / or large microlens 224 may disposed on the buffer layer 214 , i.e. , a lower surface of each have a different height , i.e. , a distance between the top of second metal element 218 is flush with an upper surface of microlens and respective color filter in the color filter layer the buffer layer 214. In FIG . 2 , each second metal element 15 220. For example , small microlens 222 may have first 218 is aligned with the first metal element 216 it is disposed height that is less than a second height of large microlens 
upon . In some embodiments , each second metal element 218 224 , i.e. , large microlens 224 is taller than the small micro 
is shifted relative to the first metal element 216 it is disposed lens 222 , e.g. , to compensate for curvature differences such 
upon and / or relative to the pixel isolator 210 it is disposed that small microlens 222 and large microlens 224 have 
above , for example as a result of overlay shift of photoresist 20 substantially the same focal length . 
mask or to improve optical crosstalk performance . In some Advantageously , the structure of image sensor 200 
embodiments , one or more second metal elements 218 is described above limits the amount of incident light ( particu 
formed from a different material than one or more first metal larly high - angle incident light ) that can activate the SPDs 
elements 216. In some embodiments , each second metal 206 , thereby limiting optical crosstalk and improving the 
element 218 is disposed between two or more color filters . 25 performance of image sensor 200 , in particular HDR sens 

Each second metal element 218 has a thickness D and a ing 
width E. Thickness D can range from about 0.050 um to FIG . 3 illustrates an example of an alternative image 
about 1.000 um , e.g. , about 0.10 um to about 0.50 um . In sensor 300 embodied in a device 302. Similar to image 
some embodiments , thickness D can exceed the thickness B sensor 200 , the image sensor 300 includes a substrate 
of the first metal elements 216. Width E is about 0.05 um to 30 material 304 having SPDs 306 and LPDs 308. Image sensor 
about 0.25 um , e.g. , about 0.09 um to about 0.20 um . In 300 also includes a plurality of pixel isolators 310 disposed 
some embodiments , width E is about the same as , or less between SPDs 306 and LPDs 308. A passivation layer 312 
than , the width C of the corresponding first metal element is disposed on the substrate material 304 , and a buffer layer 
216 over which the second metal element 218 is disposed . 314 is disposed on the passivation layer 312. A plurality of 
In some embodiments , width E is about the same as , or less 35 a first metal elements 316 is disposed in the passivation layer 
than , a width of the corresponding pixel isolator 210 over 312 over the pixel isolators 310 , and a plurality of second 
which the second metal element 218 is disposed . In some metal elements 318 is disposed at least partially over the 
embodiments , different second metal elements 218 have second metal elements 318. A color filter layer 320 is 
different thicknesses D and / or widths E. disposed over first metal elements 316 and between the 

Thus , the first metal elements 216 and second metal 40 second metal elements 318 , and small microlenses 222 and 
elements 218 together collectively form a metal grid that is large microlenses 224 are disposed over the SPDs 306 and 
disposed in the buffer layer 214 and above the buffer layer LPDs 308 , respectively . Image sensor 300 is configured to 
214 in a configuration that reduces optical crosstalk . receive incident light through a back side 326 , and not 

Optional color filter layer 220 absorbs one or more through front side 328 . 
wavelength ranges of visible light such that one or more 45 Image sensor 300 is substantively similar to image sensor 
photodiodes responds to one or more selected wavelength 200 of FIG . 2 , except that second metal elements 318 are 
bands of visible light , e.g. , red , green , blue , cyan , magenta , shifted laterally relative to first metal elements 316 , i.e. , 
and yellow . In FIG . 2 , second metal elements 218 are shifted in a plane parallel to an upper surface of buffer layer 
disposed in color filter layer 220. Color filter layer 220 is 314. This shift improves optical performance of image 
shown in FIG . 2 as a layer disposed over and around the 50 sensor 300 in certain applications , e.g. , due to a refraction 
second metal elements 218. In some embodiments , color angle of incident light . Each second metal element 318 is 
filter layer 220 includes an array of discrete color filters , e.g. , disposed at least partially over a corresponding first metal 
small color filters and large color filters , one or more of element 316 , such that a lower surface of each second metal 
which may be configured to filter a different wavelength of element 318 interfaces at least partially with an upper 
color than another color filter . In such embodiments , each 55 surface of a first metal element 316 at an interface 330. In 
discrete small color filter may be disposed above and aligned some embodiments , one or more edges of small microlenses 
an SPD 206. Likewise , each discrete large color filter may 322 and / or large microlenses 324 may be shifted as well , 
be disposed above and aligned with an LPD 208. In some e.g. , to align edges thereof with the second metal elements 
embodiments , one or more color filters is disposed on the 318 . 
buffer layer 214. In some embodiments , one or more color 60 FIG . 4 illustrates another example of an alternative image 
filters is disposed at least partially in the buffer layer 214. In sensor 400 embodied in a device 402. Similar to image 
some embodiments , one or more color filters is disposed in sensor 200 , the image sensor 400 includes a substrate 
gaps between the plurality of second metal elements 218 . material 404 having SPDs 406 and LPDs 408. Image sensor 
Restated , the second metal elements 218 surround the one or 400 also includes a plurality of pixel isolators 410 disposed 
more color filters forming buried color filter array . In some 65 between SPDs 406 and LPDs 408. A passivation layer 412 
embodiments , the array of color filters has a thickness F that is disposed on the substrate material 404 , and a buffer layer 
is greater than a thickness of the second metal elements 218 . 414 is disposed on the passivation layer 412. A plurality of 
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a first metal elements 416 is disposed in the passivation layer Attenuation layer 532 is configured to attenuate the light 
412 over the pixel isolators 410 , and a plurality of second sensitivity of each SPD 506 , and is arranged to form and 
metal elements 418 is disposed at least partially over the align with SPD 506 to attenuate incident light directed 
second metal elements 418. A color filter layer 420 is thereto . For example , in some embodiments , attenuation 
disposed over first metal elements 416 and between the 5 layer 532 is configured to reduce ( e.g. , through absorption ) 
second metal elements 418 , and small microlenses 222 and an amount of incident light reaching SPD 506 , thereby 
large microlenses 224 are disposed over the SPDs 406 and preventing SPD 506 from becoming saturated during an 
LPDs 408 , respectively . Image sensor 400 is configured to integration period . Attenuation layer 532 is formed on buffer 
receive incident light through a back side 426 , and not layer 514 and second metal elements 518. Further , each 
through front side 428 . attenuation layer 532 is disposed between the buffer layer 

Image sensor 400 is substantively similar to image sensor 514 and the corresponding small color filter 534 , e.g. , such 
200 of FIG . 2 , except that first metal element 416 and second that the small color filter 534 does not directly contact the 
metal elements 418 are both shifted laterally relative to pixel buffer layer 514. Attenuation layer 532 may extend in all 
isolators 410 , i.e. , shifted in a plane parallel to an upper directions away from SPD 506 in a plane parallel to an upper 
surface of buffer layer 414. This shift improves optical surface of the buffer layer 514 . 
performance of image sensor 400 in certain applications , Attenuation layer 532 may be single layer or multi - layer 
e.g. , due to a refraction angle of incident light . Each second stack structure with thickness configured to adjust the trans 
metal element 418 is disposed directly over a corresponding mittance of incident light to the corresponding SPD 506 , and 
first metal element 416 , such that a lower surface of each 20 may be formed from titanium , titanium nitride , tantalum , 
second metal element 418 interfaces with an upper surface aluminum , tungsten , and the like , or a combination thereof . 
of a first metal element 416 at an interface 430. In some In some embodiments , each attenuation layer 532 covers not 
embodiments , both first metal elements 416 and second only an entire SPD 506 , but also a portion of one or more 
metal elements 418 are shifted relative to pixel isolators 410 , adjacent LPDs 508 . 
but by different distances . Thus , in such embodiments , each 25 FIG . 6 is a diagram illustrating one example of a repre 
second metal element 418 overlaps partially with its corre- sentative imaging system 600 with a pixel array 602 having 
sponding first metal element 416 at the interface 430. In FIG . a plurality of image sensors formed in accordance with the 
4 , the edges of small microlenses 422 and large microlenses teachings of the present disclosure . As shown , the pixel 
424 are also shifted relative to pixel isolators 410 , in order array 602 is coupled to a control circuitry 604 and to a 
to align edges thereof with the first metal elements 416 30 readout circuitry 606 , which is coupled to a function logic 
and / or second metal elements 418 . 608 . 
FIG . 5 illustrates another example of an alternative image In one example , pixel array 602 is a two - dimensional 

sensor 500 embodied in a device 502. Similar to image ( “ 2D " ) array of pixels 610 ( e.g. , pixels P2 ... , Pn ) . In 
sensor 200 , the image sensor 500 includes a substrate one embodiment , each pixel 610 is a complementary metal 
material 504 having SPDs 506 and LPDs 508. Image sensor 35 oxide - semiconductor ( “ CMOS ” ) imaging pixel . Pixels 610 
500 also includes a plurality of pixel isolators 510 disposed may be implemented as either a front side illuminated image 
between SPDs 506 and LPDs 508 . passivation layer 512 sensor array , or a backside illuminated image sensor array . 
is disposed on the substrate material 504 , and a buffer layer In one embodiment , pixels 610 include one or more image 
514 is disposed on the passivation layer 512. A plurality of sensors as depicted in FIG . 2 - FIG . 5. As illustrated , the 
a first metal elements 516 is disposed in the passivation layer 40 pixels 610 are arranged into rows ( e.g. , rows R1 to Ry ) and 
512 over the pixel isolators 510 , and a plurality of second columns ( e.g. , column C1 to Cx ) to acquire image data of a 
metal elements 518 is disposed at least partially over the person , place , or object , which can then be used to render a 
second metal elements 518. A color filter array 520 is 2D image of the person , place , or object . 
disposed over first metal elements 516 and between the In one embodiment , after a pixel 610 ( or pixels 610 ) has 
second metal elements 518 , and small microlenses 222 and 45 acquired its image data or image charge , the image data is 
large microlenses 224 are disposed over the SPDs 506 and readout by readout circuitry 606 and transferred to function 
LPDs 508 , respectively . Image sensor 500 is configured to logic 608. Readout circuitry 606 may include amplification 
receive incident light through a back side 526 , and not circuitry , e.g. , a differential amplifier circuitry , analog - to 
through front side 528. Each second metal element 518 is digital ( “ ADC ” ) conversion circuitry , or otherwise . In some 
disposed directly over a corresponding first metal element 50 embodiments , the readout circuitry 606 may readout a row 
516 , such that a lower surface of each second metal element of image data at a time along readout column lines ( illus 
518 interfaces with an upper surface of a first metal element trated ) or may readout the image data using a variety of other 
516 at an interface 530. Further , each first metal element 516 techniques ( not illustrated ) , such as a serial readout or a full 
and corresponding second metal element 518 are disposed parallel readout of all pixels simultaneously . 
directly over a corresponding pixel isolator 510. In some 55 Function logic 608 may include logic and memory for 
embodiments , one or more of the first metal elements 516 storing the image data or even manipulating the image data 
and / or second metal elements 518 may be shifted relative to by applying post image effects ( e.g. , crop , rotate , remove red 
each other and / or relative to the pixel isolators 510 , as eye , adjust brightness , adjust contrast , or otherwise ) . 
described above with respect to FIG . 2 - FIG . 4 . Control circuitry 604 is coupled to pixels 610 , and may 

Image sensor 500 is substantively similar to image sensor 60 include logic and memory for controlling operational char 
200 of FIG . 2 , and further includes an attenuation layer 532 acteristics of pixels 610. For example , control circuitry 604 
is disposed over each SPD 506 as described below . Also , the may generate a shutter signal for controlling image acqui 
color filter array 520 of FIG . 5 clarifies how the color filter sition . In one embodiment , the shutter signal is a global 
layer 220 of FIG . 2 could be formed , i.e. , as an array of small shutter signal for simultaneously enabling all pixels 610 to 
color filters 534 and large color filters 536 , each of which 65 simultaneously capture their respective image data during a 
may be configured to filter a same or different wavelength ( s ) single acquisition window . In an alternative embodiment , 
of incident light . the shutter signal is a rolling shutter signal whereby each 
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row , column , or group of pixels 610 is sequentially enabled of tungsten or aluminum ) onto the buffer layer 714 such that 
during consecutive acquisition windows . the first metal layer 728 fills the openings previously formed 
FIG . 7 - FIG . 13 illustrate one example of a representative in the buffer layer ( i.e. , the openings 726 shown in FIG . 8 ) . 

method of manufacturing an image sensor 700 according to In some embodiments , the first metal elements 716 are 
the teachings of the present disclosure , the image sensor 700 5 formed such that they do not contact the passivation layer 
being substantively similar to the image sensor 200 of FIG . 712 , i.e. , the openings 726 shown in FIG . 8 do not extend all 
2. Terms utilized with respect to this representative method the way down to the passivation layer 712. In this way , the 
and having common names with structural terms used to buffer layer 714 isolates the first metal elements 716 from 
describe the representative image sensors of FIG . 2 - FIG . 6 the passivation layer 712. Optionally , a barrier and adhesive 
have common meanings with those terms . The representa- 10 layer may be deposited into the openings prior to the 
tive method may include , or may be modified to include , one deposition of first metal layer 728 for preventing metal 
or more steps to impart one or more properties ( e.g. , diffusion into semiconductor substrate 704 and increase 
dimensions ) to structural elements , in accordance with the bonding strength between the first metal layer 728 and the 
description of those elements provided above . passivation layer 712. The barrier and adhesive layer may be 

Referring to FIG . 7 , a substrate material 704 is provided . 15 patented and etched during the formation of first metal 
A plurality of small photodiodes ( SPDs ) ( such as SPD 706 ) elements 716 , such that a remaining portion of the barrier 
and plurality of large photodiodes ( LPDs ) ( such as LPD 708 ) and adhesive layer formed between the first metal elements 
are formed in the substrate material 704 , for example by ion 716 and the passivation layer 712. The barrier and adhesive 
implantation . The SPDs 706 and LPDs 708 are formed such layer may include material such as titanium ( Ti ) , titanium 
that each LPD 708 has a first full well capacity that is larger 20 nitride ( TiN ) or the combination thereof . 
than a second full well capacity of each SPD 706. A plurality Referring to FIG . 10 , the representative method further 
of pixel isolators 710 are formed in the substrate material includes removing an excess portion of material from the 
704 , each pixel isolator 710 being disposed between one of first metal layer ( i.e. , where 628 points in FIG . 9 ) such that 
the SPDs 706 and one of the LPDs 708. In FIG . 7 , each pixel the first metal elements 716 remain in the openings previ 
isolator 710 is a deep trench isolation ( DTI ) trench structure . 25 ously formed in the buffer layer 714. In some embodiments , 
After forming the pixel isolators 710 , a passivation layer 712 a polishing process ( e.g. , a chemical mechanical polishing 
is formed on the substrate material , e.g. , from a dielectric process ) is used to remove the excess portion of material 
material . The passivation layer 712 is disposed in each pixel from the first metal layer . Material is removed from the first 
isolator 710 such that it extends between adjacent SPDs 706 metal layer until the buffer layer 714 is revealed and the first 
and LPDs 708. After forming the passivation layer 712 , a 30 metal elements 716 are substantially all that remain of the 
buffer layer 714 is formed on the passivation layer 712 to a first metal layer . Following this step , an upper surface of 
thickness A , for example by dielectric deposition or thermal each first metal element 716 may be flush with an upper 
oxidation process . The passivation layer 712 is disposed in surface of the buffer layer 714 . 
each pixel isolator 710 such that it extends between adjacent Referring to FIG . 11 , the representative method further 
SPDs 706 and LPDs 708 . 35 includes forming a plurality of second metal elements 718 , 

Referring to FIG . 8 , the representative method further including by initially depositing a second metal layer 730 
includes forming openings 726 in the buffer layer 714 by ( e.g. , a tungsten or aluminum layer ) over the first metal 
removing material from the buffer layer 714 , such that each elements 716 and over the buffer layer 714. As a result of the 
opening 726 has a thickness B and a width C , as described deposition of second metal layer 730 , a plurality of inter 
above . The thickness B may be less than a thickness of the 40 faces 734 are formed between the second metal layer 730 
buffer layer 714. The openings 726 may be formed by one and the first metal elements 716. A mask 732 may be applied 
or more lithography processes , etching processes , and / or the to the second metal layer 730 to cover portions of the second 
like . For example , a mask may be placed above the buffer metal layer 730 that are not to be removed in a subsequent 
layer 714 and then a dry etch process and a wet etch process step . A lithography process may be utilized to form the mask 
may be used to remove material from the buffer layer 714 45 732 . 
corresponding to the openings 726. For example , the dry Referring to FIG . 12 , the representative method further 
etch process can be utilized to remove material from the includes removing an excess portion ( s ) of material from the 
buffer layer 714 down to a first depth that is less than an second metal layer ( i.e. , where 630 points in FIG . 11 ) in 
ultimate desired thickness B of the opening 726. The wet order to form the discrete second metal element 718 beneath 
etch process can then be utilized to remove material from the 50 the mask 732 shown in FIG . 11. An etching process may be 
buffer layer 714 down to the ultimate thickness B of the utilized to remove material from the second metal layer . The 
opening 726 , e.g. , in order to prevent damaging the passi- excess portion ( s ) are located between adjacent first metal 
vation layer 712. In FIG . 8 , each opening 726 is disposed elements 716 and second metal elements 718. In FIG . 12 , 
directly over one of the pixel isolators 710. In some embodi- each of the second metal elements 718 is disposed directly 
ments , each opening 726 may be shifted relative to the pixel 55 over one of the first metal elements 716. In some embodi 
isolators 710 in accordance with the teachings above . In ments , each second metal element 718 may be shifted 
some embodiments , each opening 726 has a thickness that is relative to the first metal elements 716 , such as shown in 
less than a thickness of the buffer layer 714 , as described FIG . 3 . 
above , e.g. , about 0.005 um to about 0.010 um less than the Referring to FIG . 13 , the representative method further 
thickness of the buffer layer 214. In some embodiments , 60 includes forming an optional color filter layer 720 upon the 
each opening 726 has a width C that is the same as or less buffer layer 714 , and forming an optional microlens array 
than a width G of the pixel isolator 710 over which it is that includes small microlenses 722 and large microlenses 
disposed . In some embodiments , each opening 726 has a 724. In FIG . 13 , the color filter layer 720 is formed as a 
width C of about 0.05 um to about 0.25 um . single layer disposed over and around the second metal 

Referring to FIG . 9 , the representative method further 65 elements 718. In some embodiments , color filter layer 720 
includes forming a plurality of first metal elements 716 , includes an array of discrete color filters , e.g. , small color 
including by depositing a first metal layer 728 ( e.g. , a layer filters and large color filters , one or more of which may be 
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configured to filter a different wavelength of color than invention are described herein for illustrative purposes , 
another color filter . In such embodiments , each discrete various modifications are possible within the scope of the 
small color filter is disposed above and aligned an SPD 706 . invention , as those skilled in the relevant art will recognize . 
Likewise , each discrete large color filter is disposed above Modifications can be made to the invention in light of the 
and aligned with an LPD 708. In some embodiments , 5 above detailed description . The terms used in the following 
adjacent color filters are disposed between adjacent second claims should not be construed to limit the invention to the 
metal elements 718. In one example , individual color filters specific examples disclosed in the specification . Rather , the 
may be formed by deposition color filter materials in gaps scope of the invention is to be determined entirely by the 
between the second metal elements 718 according to color following claims , which are to be construed in accordance 
filter pattern such as Bayer pattern . In such example , each of 10 with established doctrines of claim interpretation . 
the second metal elements 718 is arranged between indi- What is claimed is : 
vidual color filters , and the grid formed from the second 1. An image sensor , comprising : 
metal elements 718 surrounds individual color filters . a substrate material , wherein the substrate material 

Thus , FIG . 7 - FIG . 13 show one representative method of includes a plurality of small photodiodes ( SPDs ) and a 
forming an image sensor of the present disclosure . plurality of large photodiodes ( LPDs ) disposed therein , 
FIG . 14 is a flow chart of a representative method 1400 each LPD having a first full well capacity that is larger 

that summarizes the method of FIG . 7 - FIG . 13. Although the than a second full well capacity of each SPD ; 
following description refers to a number of discrete steps , a plurality of pixel isolators formed in the substrate 
the actions described may be performed within a greater or material , each pixel isolator being disposed between 
fewer number of steps . one of the SPDs and one of the LPDs ; 

At step 1402 , a semiconductor substrate material is pro- a passivation layer disposed on the substrate material ; 
vided and a plurality of LPDs and SPDs are formed therein , a buffer layer disposed on the passivation layer ; 
as described above with respect to FIG . 7 . a plurality of first metal elements disposed in the buffer 
At step 1404 , a plurality of pixel isolators is formed in the layer , each first metal element being disposed over one 

substrate material between the LPDs and the SPDs , as 25 of the pixel isolators ; 
described above with respect to FIG . 7 . a plurality of second metal elements disposed over the 

At step 1406 , a passivation layer is formed upon the plurality of first metal elements ; and 
substrate material and in the pixel isolators , as described a plurality of color filters , wherein each color filter of the 
above with respect to FIG . 7. For example , the passivation plurality of color filters is disposed between the second 
layer may line the sidewalls and bottoms of trench structure 30 metal elements of the plurality of second metal ele 
of each individual pixel isolator and continuously extend on ments , such that the plurality of second metal elements 
the back side of the substrate material covering back side surround the plurality of color filters . 
surface . 2. The image sensor of claim 1 , wherein the plurality of 
At step 1408 , a buffer layer is formed upon the passivation first metal elements has a thickness of 0.005 um to 0.010 um 

layer , as described above with respect to FIG . 7 35 less than a thickness of the buffer layer , such that the buffer 
At step 1410 , a plurality of openings is formed in the layer isolates the plurality of first metal elements from the 

buffer layer , as described above with respect to FIG . 8 . passivation layer . 
At step 1412 , a plurality of first metal elements are formed 3. The image sensor of claim 1 , wherein the buffer layer 

in the buffer layer , as described above with respect to FIG . has a first dielectric constant and the passivation layer has a 
8 - FIG . 10 . 40 second dielectric constant , wherein the first dielectric con 

At step 1414 , a plurality of second metal elements are stant is lower than the second dielectric constant . 
formed , as described above with respect to FIG . 11 - FIG . 12 . 4. The image sensor of claim 2 , wherein an upper surface 

At optional step 1416 , an attenuation layer covering of the plurality of first metal elements is flush with an upper 
SPDs , a color filter ( e.g. , a color filter array ) and a microlens surface of the buffer layer . 
array are formed upon the buffer layer and upon the second 45 5. The image sensor of claim 1 , wherein each first metal 
metal elements , as described above with respect to FIG . 13 . element has a width of 0.05 um to 0.25 um . 

Terms utilized with respect to the foregoing representative 6. The image sensor of claim 5 , wherein each first metal 
method and having common names with structural terms element has a width of 0.09 um to 0.20 um . 
used to describe the representative image sensors of FIG . 7. The image sensor of claim 5 , wherein the width of each 
2 - FIG . 5 and the representative method of FIG . 7 - FIG . 13 50 first metal element is the same as or less than a width of the 
have common meanings with those terms . The representa- pixel isolator over which it is disposed . 
tive method may include , or may be modified to include , one 8. The image sensor of claim 1 , wherein the plurality of 
or more steps to impart one or more properties ( e.g. , second metal elements has a thickness of 0.10 um to 0.50 
dimensions ) to structural elements , in accordance with the 
description of those elements provided above . 9. The image sensor of claim 1 , wherein each second 
Thus , image sensors of the present disclosure have a metal metal element has a greater thickness than each first metal 

grid comprising first metal elements disposed in a buffer element . 
layer , and second metal elements disposed on the first metal 10. The image sensor of claim 1 , where the plurality of 
elements . The first metal elements and the second metal first metal elements is shifted relative to the plurality of 
elements form a metal grid configured to reduce the amount 60 second metal elements . 
of high angle incident light entering the small photodiodes 11. The image sensor of claim 1 , wherein at least one of 
from the proximate large photodiodes , i.e. , reducing optical the plurality of first metal elements or one of the plurality of 
crosstalk and its associated effects ( e.g. , petal flare ) . second metal elements is formed from tungsten or alumi 

The above description of illustrated examples of the 
invention , including what is described in the Abstract , is not 65 12. The image sensor of claim 1 , further comprising : 
intended to be exhaustive or to limit the invention to the a plurality small microlenses , each small microlens being 
precise forms disclosed . While specific examples of the positioned over one of the SPDs ; and 
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a plurality large microlenses , each large microlens being 

positioned over one of the LPDs . 
13. The image sensor of claim 1 , further comprising an 

attenuation layer disposed at least partially over the plurality 
of second metal elements formed in the buffer layer . 

14. The image sensor of claim 1 , wherein at least one of 
the plurality of first metal elements and the plurality of 
second metal elements forms a grid . 
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